I. Introduction
After almost 20 years of intense research on skillbiased technological change, it is common wisdom that, considered both singularly and in interaction with other variables defined at the macro, sector and firm level, observed and unobserved skills are among the most important determinants of workers' wages (see Dostie et al., 2010) and employment status. In particular, given the diffusion of Information and Communication Technologies (ICTs) across sectors and professions, older workers with poor 'technological endowments' tend to become less and less productive, particularly in industries and professions characterized by rapid technological progress. This leads to lower expected wages and worse expected job conditions, and hence makes (early) retirement more likely. If human capital and technology are complementary, such effect is expected to vary with workers' education. The assessment of the impact of 'technological endowments' on early retirement is mainly an empirical issue, in which it is crucial to distinguish between the ability to cope with ICTs and the actual use of ICTs on the job. In fact, ability in dealing with ICTs is a valuable asset by itself, being an indicator of a more general ability to cope with changes affecting job tasks. On the other hand, the use of ICTs on the job might just be an implicit job requirement, which does not necessarily create extra value added, once controlled for job characteristics (for an application to wages see Borland et al., 2004) .
This article studies the impact of ICT knowledge and use on retirement choices, disentangling the effects of technological skills and those due to the use of technology on the job (and hence to implicit job requirements). In our work we focus on out of employment transitions of Italian male employees aged 47-60, using data from the 2000-2004 panel section of the Bank of Italy Survey on Household Income and Wealth (SHIW). Such data allow us to capture the impact of the two variables of interest, considered both separately and together, hence improving upon previous literature, which does not identify the impact of ICT skills separately from the impact of ICT use on the job.
Retirement can be the outcome of a choice between working full time and abandoning the labour market altogether: according to a typical retirement pattern, an individual, once eligible for Social Security benefits, chooses to exit from the labour force. Alternatively, retirement may be a by-product of a firm downsizing, which may include an institutional arrangement that provides older workers with unemployment benefits until they are eligible for Social Security. These workers do not have strong incentives to look for another job and hence they are substantially out of the labour force. Given the characteristics of the Italian labour market, studying older male employees' probability of exiting employment for whatever reason is basically equivalent to studying their retirement probability.
In our work we first follow previous literature and estimate (what we show is) the combined effect of the ability to use a computer and its actual utilization at work on the probability of transiting out of employment. Then, taking advantage of our dataset, we exploit the information on Personal Computer (PC) literacy and estimate the impact of having some computer skills on the probability of exiting employment, separately from the additional effect coming from the actual use of a computer on the job.
Our main results show that the combined effect of being computer literate and of using a PC at work is to increase the probability of remaining employed. In all the specifications adopted we consistently find that PC literacy per se and PC use on the job per se have no significant impact on the probability of retirement. However, the two variables considered jointly have an economically and statistically significant effect in reducing the likelihood of retirement. The policy implication is that providing 'ICT illiterate' workers with some 'ICT knowledge' does not have a positive impact on their employability unless such new skills are actually implemented on the job. This result suggests that the diffusion of ICTs can extend the permanence in the labour market of older workers whenever PC illiterate workers are trained and then put in the position to exploit their new abilities on the job.
Our work proceeds as follows: Section II briefly reviews the empirical literature on retirement choices and skill-biased technological change; Section III provides prima facie evidence of the relation between computer use and employment based on our SHIW dataset; Section IV discusses the main results of our analysis; in Section V we discuss the potential endogeneity problem affecting our estimates and provide Instrumental Variables (IV) estimates. Section VI draws the conclusions.
II. Literature Review
The literature on the determinants of retirement choices is vast (for a review see Lumsdaine and Mitchell, 1999) , but only few papers focus on the role of technological skills in the retirement decision. In this case, the econometric analysis is complicated by the fact that the relation between skills and retirement is also affected by the business cycle and by the training policy adopted by the firms. Bartel and Sicherman (1993) study the effect of technological change on the career of older workers. They show that, everything else constant, individuals retire later in industries in which technological change is particularly rapid. Further, an unexpected rise in the depreciation rate of human capital, for instance following an unexpected rise in the rate of technological change, leads to earlier retirement. Friedberg (2003) investigates the relationship between computer use and retirement. In her analysis the basic insight is that computers have affected the demand for labour in various ways. First, they tend to be a substitute for unskilled labour and routine tasks. Second, they have altered the performance of nonroutine tasks, mainly held by skilled workers. Finally, computerization alters the 'bundle of skills and tasks that define a job'. These changes can affect the retirement choice of older individuals, given that older generations tend to be less educated and hence more likely to be assigned to routine jobs. For these workers training may be generally less profitable given the higher investment costs and the reduced time horizon over which they can be recouped. Friedberg uses the US Health and Retirement Study (from 1992 to 1996) to study how the frequency of computer use at work affects the transitions towards retirement of workers aged 50-62 in 1992. She takes into account the possible correlation between the use of the computer and the unobserved propensity to retire later by estimating a linear probability model 688 F. Biagi et al.
using an IV approach. In particular, she opts to instrument PC utilization by older workers with the percentage of computer users among prime-age workers in the same occupation and industry. Her findings show that, in the long run case (i.e. over a 4-year horizon), even controlling for many individual, firm and sector characteristics, computer use tends to induce delayed retirement. In a very similar framework, Schleife (2006) uses the German Socio Economic Panel to investigate the effect of computer use at work on the retirement outcomes of employed males aged 50-60 in 1997. As Friedberg (2003) , she models retirement by means of a linear probability model, distinguishing between different timing of retirement (transitions occurring within 1999 and those occurring within 2001 are studied separately).
The potential endogeneity of computer use on the job is addressed by means of an IV approach that considers computer use at home as the additional instrument. Her IV results provide no evidence that Germans who use a computer at work tend to postpone their retirement.
III. The Data
Our data are drawn from the Bank of Italy's SHIW, which, every 2 years, provides a sample of about 8000 households, representative of the Italian population. It contains detailed information on the socioeconomic conditions of respondents at the individual and household level. 1 The 2000 wave of SHIW provides us with information on the ability of individuals in the use of computers and, for those who are working, on their use of a PC at work. Specifically, each household member is asked to self-assess her/his ability in using personal computers according to an increasing five-step scale spanning from 'none' to 'very good'. Since half of the households participating to the survey are repeatedly interviewed, our analysis exploits the panel section coming from the 2000, 2002 and 2004 waves. Table 1 presents the distribution of the PC literacy self-assessment by educational attainment in our two samples. Overall, when looking at the sample used to analyse transitions out of employment in the short run (2000-2002 sample), more than one half (55%) of the workers are not able to use a PC, 28% of them self-classify their skills as modest or fair and only 17% rate their skills as good or very good. However, this pattern is strongly affected by individual educational attainments and, in line with the existing literature; we find a strong positive correlation between education and the level of PC literacy. In fact, when we split the sample into two groups (in the former we gather employees who have at most a vocational secondary school degree: i.e. low-education; in the latter we have workers with at least an upper secondary school degree: i.e. high-education) we find that 79% of the employees with low education have no PC skills, but this percentage falls to 24% in the high-education group. The fraction of respondents with (at least) good PC skills is 4% among low-education workers, but such percentage increases to 34% when we look at higheducation employees. Similar considerations hold for the sample used to analyse long-run transitions (2000-2004 sample) .
In the remaining part of our work, we rearrange the original scale of PC literacy self-assessments and define a dichotomous variable that takes value 1 if the individual declares to have at least modest ability in PC utilization (45% of cases) and 0 otherwise. While this reduces the sample variability of PC literacy, it also has the effect of reducing the measurement error due to the fact that individuals self-evaluate their skills.
It should also be noted that the fraction of PC users at work increases to 77% among employees with PC literacy.
As previously explained, in our analysis transitions out of employment for whatever reason are considered equivalent to retirement. This choice is motivated on the ground that we are looking at older workers (individuals aged 49 or more in the year 2000), that Italy has many institutional arrangements that are substantially equivalent to early retirement (according to which inactive workers are still formally in the labour force) and that our ultimate goal is to test whether ICT knowledge and its use exert some effect on the likelihood of remaining active in the labour market. Table 3 reports that in the 2000-2002 sample 19% of employees no longer work at the end of the period. This fraction increases when we extend the time-horizon over which transitions can occur. In fact, 30% of employees at work in 2000 exit from employment by 2004. As expected, the likelihood of becoming not employed increases with age: only 6% of employees aged 47-49 in 2000 are not at work in 2002, but this percentage more than doubles if we consider the age range 50-52 and steadily rises for older individuals. Furthermore, employees with low education exhibit transition rates twice to those of high-education employees.
In Table 4 we look at the employment status of individuals transiting out of employment in our sample. In both time-horizons the exit towards labour retirement is by far the most common. Of those transiting out of employment in 2000-2002, 69% become job pensioners, while 28% become unemployed. However, when we look at the 2000- That is, transiting out of and back to employment involves about 1.5% (0.19 * 0.08) of the employees in the sample. These raw figures make us confident that -for this age group -transitions out of employment tend to be permanent, hence confirming that ours is an appropriate way of modelling the retirement process of the older workers in our sample. Table 5 provides descriptive evidence about how transition rates vary with PC literacy and PC utilization at work. In the short run, 10% of employees with PC literacy transit out of employment. This percentage increases by more than twice among workers with no ICT skills. Analogously, we estimate the probability of quitting employment by 2002 for non-PC users to be 25%, which drops to 9% for users.
If we disaggregate the transition rate of workers with some PC skills by the variable that captures the use of a PC on the job, we find that the fraction of employees quitting employment is 17% if they do not use a PC at work and it drops to a mere 9% among users. Therefore, the difference between the exit rates from employment of users and nonusers (9% versus 25%) is reduced by one third (9% versus 17%) when we consider PC literate individuals only. In the 2000-2004 horizon, the variation in the transition rates between PC users and non-PC users (at work) amounts to about 17 percentage points. If we focus on PC literate employees, this difference remains unchanged in absolute values but it is no longer statistically significant at the 5% level. Finally, it should be noticed that, among employees who do not use a PC on the job, being PC literate is not associated with any significant variation in the probability of quitting employment. This latter result is found for both the short and the long run.
These raw figures suggest that the transition rates differential associated with PC use at work found in the overall sample shrinks if we consider PC literate individuals only. The empirical specifications in the next section will seek to assess whether this evidence is confirmed once we control for individual and household characteristics in a multivariate framework.
IV. Multivariate Analysis
In our estimation exercise we first follow the existing literature and analyse the combined effect of being computer literate and using a PC at work on the probability of transiting out of employment in the short 2-year horizon (2000) (2001) (2002) and in the long run (2000) (2001) (2002) (2003) (2004) . Our dependent variable y i takes a value of one if individual i is not employed by the end of the period considered and zero otherwise (i.e. if he is still at work). Given individual and job characteristics in the year 2000 (x i ), the probability of transiting out of employment is modelled via a linear probability model
where PC_skill equals one if the individual has some control on computer technology, and zero otherwise, and PC_work is equal to one if he uses a computer at work. As it is not possible to use a PC at work without being PC literate (that is, it is not possible to have PC_skill ¼ 0 and PC_work ¼ 1 at the same time), then PC skill Â PC work ¼ PC work. This amounts to saying that , often interpreted as the coefficient on the variable PC_work alone, in fact measures the combined effect of being PC literate and using a PC at work. 
Employment transitions and computer use of older workers
As we have information on individual PC literacy, we can enrich specification (1) and try to disentangle the effect of PC skills from that of PC utilization
In Equation 2, 0 identifies the effect of being PC literate for the employees who do not use a PC at work, while 1 measures the impact of using a PC at work for PC literate workers. As a result, 0 þ 1 is the combined effect on transition probability of PC skills and PC use on the job.
In all specifications, the vector x i includes the number of household components, age, number of years of contribution to Social Security (a proxy for pension wealth), number of days spent at home for illness (a proxy for health status), education, region of residence and home tenure. Moreover, we control for job characteristics, sector of employment and firm dimension in order to allow for heterogeneity in the rate of diffusion of new technologies in the economy. Regardless of the time horizon considered, the control factors included in our specifications refer to year 2000. Table A1 in the Appendix lists all the explanatory variables used in our empirical analysis along with their sample averages.
4 Table A1 also reports the full results of our estimation exercise of, respectively, Equation 1 and 2, while Table 6 reports the OLS estimates of our main parameters of interests in the 2-year (2000) (2001) (2002) and in the 4-year period (2000) (2001) (2002) (2003) (2004) .
The effects of the control variables in x present the expected sign. In particular, they confirm that the likelihood of retirement increases with age and with cumulated pension wealth. Moreover, public sector employees tend to retire later.
Considering Equation 1, the results for the 2-year period confirm the descriptive evidence of Table 5 : male workers who use a computer at work retire significantly later. In particular, the retirement probability is reduced by about 12 percentage points. If we look at Table 5 , we notice that the raw difference in transition rates between PC users and non-PC users at work amounts to 16 percentage points. This means that controlling for individual and household characteristics reduces the raw variation in the sample by one fourth. Similar considerations hold for the 4-year interval also.
When we focus on Equation 2 -that is, when we include the dummy variable for PC literacy -our estimates still confirm the prima facie evidence of Table 5 : in the longer period the effect of being PC literate but not using a PC on the job is negligible ( 0 ¼ À0:002), while, in the 2-year horizon, PC literacy and PC use at work have almost the same relevance ( 0 ¼ À0:079, 1 ¼ À0:058). In both cases only the estimate of the combined two effects ( 0 þ 1 ) is statistically different from zero at ¼ 5 % and its size is (as expected ) similar to the estimate of the parameter showing up in Equation 1.
V. Robustness Check: IV Estimates
The Ordinary Least Squares (OLS) estimates discussed so far can be affected by the potential endogeneity of PC skills and PC utilization at work with respect to employment status. Endogeneity of PC skills may arise because individuals able to use a computer possess unobserved characteristics (such as higher levels of human capital not captured by education) that make them more likely to maintain a job in the future. In addition, individuals who plan to retire later might also decide to improve their computer skills in order to be more valuable within the firm and, in general, in the labour market. Finally, older workers who decide to invest in PC skills may expect a longer period of permanence in the labour market, in which the benefits from their training can be fully recouped. As for the use of a PC at work, this is related to the endowment of PC skills: in our sample, about 80% of the individuals with PC literacy actually use a PC at the workplace. Hence, all the concerns for the potential endogeneity of PC skills apply to PC utilization at work as well. Further, if firms decide to devote financial resources to ICT training for older workers, they may select only those workers expected to retire later, providing them with incentives to prolong their working relationship in order to ensure the financial profitability of this investment for both parties.
If the exogeneity assumption of the explanatory variables in Equation 1 or 2 fails, standard OLS techniques produce biased estimates of the causal effect of interest. Aware of this, we also estimate the linear probability model specification by means of the Two-Stage Least Squares (2SLS) approach. The set of additional instruments we use in order to achieve the identification of the parameters of interest consists of the number of other family members with some computer skills, its interactions with the number of household components and the qualification of the employee (blue/white collar) and, finally, the number of children in the household.
The use of the number of family members with PC skills is motivated by the empirical evidence reported in Miniaci and Parisi (2006) , who show that withinhousehold peer effects are indeed relevant for the diffusion of computer skills: according to the 2000 SHIW wave, 70% of individuals co-habitating with somebody skilled are skilled, and this percentage falls to less than 10% if nobody else in the family is able to use a computer. The interaction with the number of household members allows this relationship to vary with household size, while the interaction with the professional qualification reflects the conjoint role played by family and workplace characteristics in determining individual propensity towards computer use. Finally, the inclusion of the number of children in the household among the additional instruments is motivated by the fact that living with children increases the probability that parents are PC literate and use a PC on the job.
The consistency of the 2SLS estimator is guaranteed if the additional set of instruments is correlated with the explanatory variables suspected to be endogenous and unrelated with the dependent variable. In our case, this amounts to say that the additional instruments may affect employees skills and computer utilization (relevant instruments) but, once conditioned on the control factors in the vector x i , they do not affect their employment choices (exogenous instruments). We carry out formal statistical tests to check whether our instruments fulfil these requirements. Our crucial identification assumption is that computer skills of family members do not affect the household formation process, once controlled for other relevant observable characteristics. Thus, we do not deny that assortative matching might be at work, but we assume that once controlled for age, professional qualification, education and area of residence, the process of household formation and dissolution is not affected by computer skills of family members (see Miniaci and Parisi (2006) for further discussion of the issue).
The 2SLS estimates of the main parameters of interests are reported in Table 7 (full results can be  found in Tables A1). For what concerns Equation 1 , these results confirm the evidence based on OLS (see Table 7 . Linear probability model, effects of PC literacy and PC use at work on the probability of transiting out of employment -IV estimates
Equation 1
Equation 2 Combined effect of PC literacy and PC use at work () Employment transitions and computer use of older workers Table 6 ), the main difference being the larger SEs characterizing the IV estimator. When we add the PC literacy dummy to the specification, the differences between the 2SLS and OLS point estimates become noteworthy, as the overall effect 0 þ 1 is halved and the estimated 1 is positive. However, due to the efficiency loss, neither the single nor the combined effects are statistically different from zero. We test for the joint insignificance of the additional instruments in the first stage equations and always reject the null hypothesis (see the results of the F-test in Table A2 ). Further, the Hansen J-statistics always accept the null of validity of the exclusion restrictions. These specification tests show that the additional instruments used are, respectively, relevant and exogenous and that the resulting 2SLS estimates are consistent. However, the Hausman test never rejects the null hypothesis of exogeneity of the explanatory variables included in our specifications (1) and (2). This evidence suggests that the endogeneity of PC skills and PC utilization at work is not a major concern in our case and we can rely upon OLS estimates of our parameters of interests.
VI. Conclusions
The Bank of Italy's SHIW provides information both on the ability in the use of a computer for all respondents and on its use on the job for those who are at work. We exploit this unique characteristic to disentangle the effect of being PC literate from that of using a PC at work on the probability of transiting out of employment for the cohort of Italian male employees aged 47-60 in the year 2000.
Our main findings show that the combined effect of being skilled and using a PC at work is to reduce the probability of exiting employment by 12 percentage points, both in the 2-year and 4-year horizon. Given that the average transition rates in our samples are Compared with the existing literature, our estimated effect is almost twice to the one found by Friedberg (2003) for the US in the 1992-1996 period and is in line with Schleife's (2006) results for German workers in the 1997-1999 period. In order to account for the potential endogeneity of computer use and literacy with respect to employment choices we resort to an IV estimation strategy. IV point estimates confirm our OLS evidence (see column 1, Table 7 ), but the effects are not statistically different from zero. These results resemble Schelife's findings, but we prefer not to draw our conclusions relying on IV estimates because the Hausman test never rejects the hypothesis of exogeneity of PC literacy and PC utilization at work with respect to employment patterns.
As for the distinction between the effects of computer skills and utilization of a PC at work, our OLS estimates show that, once PC literacy is controlled for, the impact of PC use at work per se becomes less prominent in explaining transitions out of employment. In fact, it is negligible in the shortrun and only marginally significant in the long-run. Instead, the combined effect of being PC literate and using a PC on the job is always statistically different from zero. As a consequence, a policy aimed at extending the permanence in the labour market of the elderly should, first, encourage training of 'ICT unskilled' older workers in order to make them able to cope with the ongoing technological change and, second, make sure that these workers are in a position to exploit at their workplace these newly acquired skills: skills that are not actually usable on the job do not provide value for the firm and hence do not exert a significant positive impact on the likelihood of remaining employed.
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